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ABSTRACT 
Sediment eros ion and t ranspor t  have a s i g n i f i c a n t  e f f e c t  on water q u a l i t y  
i n  a g r i c u l t u r a l  watersheds. I n  t he  midwest there  are  many man-made 
impoundments which experience severe sediment-related problems. Sediment 
Oxygen Demand (SOD) measurements have g rea t  p r a c t i c a l  u t i l i t y  f o r  t he  
management o f  sediment-impacted lakes  f o r  which sediment dredging o r  ae ra t i on1  
d e s t r a t i f i c a t i o n  schemes represent v i a b l e  rehab i l  i t a t i o n  schemes. 
The r e p o r t  summarizes a f i f teen-month study o f  the  phenomenon o f  SOD i n  
two shallow I l l i n o i s  impoundments. Both lakes have served as p u b l i c  water 
suppl ies and experienced s i g n i f i c a n t  water q u a l i t y  problems associated w i t h  
sediment accumulation o r  seasonal anoxia. The aims o f  the  i n v e s t i g a t i o n  were 
t o  i d e n t i f y  the p r i n c i p a l  components o f  t he  SOD and t o  develop an opt imized 
SOD procedure. B r i e f l y ,  batch resp i romet r i c  measurements o f  SOD were found t o  
be most d iagnost ic  o f  oxygen dep le t i on  due t o  sediment resuspension o r  
disturbance. As such, the  bulk  o f  t he  demand cou ld  be i d e n t i f i e d  as chemical; 
and associated w i t h  sediment s o l i d s  r a t h e r  than due t o  reduced so lub le  species 
i n  sediment pore waters. S u l f i d e  minera ls  con t r i bu ted  t o  the  SOD i n  near ly  
a1 1 cases. An improved method f o r  the  determinat ion o f  ac id -so lub le  s u l f i d e  
was developed t o  permi t  c o r r e l a t i o n  o f  s u l f i d e  l e v e l s  w i t h  sul  f i d i c  SOD. 
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EXECUTIVE SUMMARY 
Observat ions of t h e  k i n e t i c s  and f r a c t i o n a t i o n  o f  sedimer~t 
oxygen demand (SOD) a r e  repo r ted  on s i x  co res  f rom two shallow, 
f reshwater  lakes. These measurements were made b y  ba t ch  r e s p i r a n e t r y  
on d i  sc re te  sub-cores which were handled t o  m in im ize  a e r i a l  ox i da t i on .  
The k i n e t i c s  of oxygen uptake were measured f o r  pe r i ods  rang ing  f rom 
one t o  twenty- four  hours. Four p a r a l l e l  sediment sarnples were processed 
t o  d i f f e r e n t i a t e  oxygen uptake a r i s i n g  f r a n  c  hernical , b i o l o g i c a l  and 
s u l f i d i c  o r i g i n s .  The SOD va lues  ranged f r a n  0.05 t o  5.24 mg-g-I  wet 
sediment and t h e  ma jo r  p o r t i o n  of t h e  oxygen demand r e s u l t e d  f r a n  
chemical  r eac t i ons .  Reduced so lub le  species i n  sediment pore wate rs  
were c a l c u l a t e d  t o  account f o r  l e s s  than 10% o f  t h e  t o t a l  SOD. Approx i -  
m a t e l y  twenty -e igh t  percent  of t h e  SOD was due t o  t he  r e a c t i o n  o f  s u l f i d e  
minera ls .  The remainder of t h e  demand r e s u l t e d  f r a n  t h e  o x i d a t i o n  o f  
organic  m a t t e r  and reduced m e t a l l i c  m i n e r a l s  assoc ia ted  w i t h  surfaces. 
Bu 1  k  sediment parameters (percen t  v o l a t i  l e  so l  i d s ,  o rgan ic  carbon and 
a c i d - s o l u b l e  s u l f i d e )  showed s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  corresponding 
SOD f r a c t i o n s .  To ta l  SOD r a t e s  were adequate ly  descr ibed  by an apparent 
f i r s t  o rder  r a t e  equat ion.  Rates were found t o  be s i g n i f i c a n t l y  g r e a t e r  
i n  t h e  upper 20 cm o f  sediment than t hey  were i n  deeper samples. The 
r e l a t i o n s h i p s  between sediment c m p o s i  ti on, SOD magnitude and oxygen 
uptake r a t e s  p rov ide  va luab le  i n s i g h t s  f o r  eng ineer ing  a p p l i c a t i o n s  of 
t he  r e s u l t s  t o  dredging operat ions.  
INTRODUCTION 
Sediment oxygen demand (SOD) r e s u l t s  f rom va r i ous  cherr~ical  o r  
biochemical  r e a c t i o n s  as we1 1  as b i o l o g i c a l  r e s p i r a t i o n  i n  sediment/water 
systems. I t s  magnitude g e n e r a l l y  r e q u i r e s  t h e  i n c l u s i o n  o f  SOD i n  
models o f  t he  oxygen balance o f  lakes  o r  streams. However, r epo r ted  
va lues o f  sediment oxygen demand range w i d e l y  and much o f  t he  observed 
v a r i a t i o n  seems t o  a r i s e  f rom the  unique cha rac te r  o f  each s i t e  and 
methodolog ica l  d i f fe rences .  Bowman and D e l f i n o  (1980), r ev i ew ing  p a s t  
i n - s i  t u  and l a b o r a t o r y  SOD techniques, discussed t he  i n t e r p r e t i v e  
problems which stem f rom va ry i ng  c o n t r i b u t i o n s  o f  b i o l o g i c a l  o r  chemical 
demand. They presented an op t im ized  1  abora to ry  ba t ch  rr~ethod i n  o rde r  
t o  improve the  p r e c i s i o n  o f  r epo r ted  r e s u l t s .  T h e i r  cho ice  of a  labora-  
t o r y  method was made i n  t he  i n t e r e s t  o f  improved c o n t r o l  over experimen- 
t a l  va r i ab les ,  such as: a g i t a t i o n ,  temperature, i n i t i a l  d i sso l ved  
oxygen concen t ra t i on  and l i g h t .  These au thors  f u r t h e r  noted t h a t  t he  
b u l k  o f  r epo r ted  SOD values had been obta ined on dredged samples and 
t h a t  a d d i t i o n a l  work on und is tu rbed  cores was needed t o  o b t a i n  i n f o r m a t i o n  
on benthal  oxygen demand. 
I n  p r a c t i c e ,  however, t he  c o l  l e c t i o n  and hand1 i n g  o f  sediment 
samples i s  d i f f i c u l t .  The s e l e c t i v e  na tu re  of sediment core  sampling 
would l i k e l y  i n t r o d u c e  b i a s  i n t o  measurernent o f  b i o l o g i c a l  r e s p i r a t i o n ,  
which under c e r t a i n  cond i t i ons ,  can be a  r r~a jor  p o r t i o n  o f  t o t a l  SOD. 
. 
Spot ty  popu la t i ons  o f  ben th i c  macro inver tebra tes  rrlay be m i  ssed e n t i r e l y .  
Hunter, e t  a l .  (1973) have repo r ted  up t o  s i x f o l d  inc reases  i n  t he  
oxygen demand of stream depos i t s  r e l a t e d  t o  the abundance o f  t u b i f i c i d  
worms. A p a r t  f rom the  r e s p i r a t o r y  demand o f  ben th i c  macroi  nver tebra tes ,  
t h e i r  burrowing a c t i v i t y  exposes e f f e c t i v e l y  g rea te r  masses o f  the  
sediment system t o  ox i c  waters. 
Also, the unavoidable d is tu rbance of the  upper p o r t i o n  o f  sediment 
cores i s  known t o  d i s r u p t  m i c r o b i a l  processes s e n s i t i v e  t o  oxygen 
l e v e l s  (Hal 1, e t  a l .  , 1972; Herron, e t  a l .  , 1978). Dredged samples 
must be ve ry  c a r e f u l l y  c o l l e c t e d  so as t o  minimize con tac t  w i t h  a i r  
and consequent o x i d a t i o n  o f  reduced substances. I f  SOD r a t e s  a re  rap id ,  
the i n t r o d u c t i o n  o f  b i a s  i s  very  l i k e l y  f o r  such samples. Schnoor, 
e t  a l .  (1979) have repor ted  a  20% decrease i n  measured oxygen demand 
a f t e r  shor t - term (1-2 days) storage o f  dredged sediment i n  p l a s t i c  
bags. E i g h t y  percent  o f  t h i s  l o s s  could be a t t r i b u t e d  t o  s u l f i d e  ox ida-  
t i o n .  Despite the 35% reduc t i on  i n  SOD a f t e r  n ine  days o f  storage, these 
workers repor ted  no s i g n i f i c a n t  decrease i n  bu l k  sediment parameters 
f r e q u e n t l y  c o r r e l a t e d  w i t h  oxygen demand: (e.g. ) chemical oxygen demand, 
t o t a l  vo l  a t i  1  e  so l  i ds .  Improper hand1 i n g  o f  sediment samples may then 
r e s u l t  i n  s i g n i f i c a n t  underest imat ion o f  chemical SOD though the  r e s u l -  
t a n t  measurements m igh t  c o r r e l a t e  we1 1  w i t h  da ta  on sediment composit ion. 
Be1 anger (1981) has repor ted  benth ic  oxygen uptake r a t e s  f o r  
d i v e r - c o l  l e c t e d  cores and dredged sediments i n  a  f 1  owing r e a c t o r  apparatus. 
The oxygen demand data co r re la ted  p o o r l y  w i t h  bu l k  sediment parameters. 
Resu l ts  were found t o  be s t rong func t i ons  o f  f l o w  r a t e  and d i sso l ved  
oxygen concentrat ions.  He f u r t h e r  c i t e d  l i m i t a t i o n s  o f  the core uptake 
methods: the l eng th  o f  experimental  runs, i n s u f f i c i e n t  "acc l ima t i on  t imes" 
and i n a b i  1  i ty t o  approximate n a t u r a l  f l o w  condi t ions.  Thus, even c a r e f u l l y  
handled, sediment core data r e q u i r e  c a r e f u l  i n t e r p r e t a t i o n .  
The s i g n i f i c a n c e  of SOD s tud ies  seems t o  be h e a v i l y  dependent on 
methodology. Though l a b o r a t o r y  r e s u l t s  are more prec ise ,  the ac tua l  
processes g i v i n g  r i s e  t o  observed oxygen demand remain i n  doubt. 
Benthal  oxygen demand measurements made i n-s i  t u  o r  i n  f 1  owing l a b o r a t o r y  
systems on l a r g e  und is tu rbed  samples a re  i d e a l  1  y r e p r e s e n t a t i v e  of 
n a t u r a l  sediment/water systems. klhen t he  aim o f  a  s tudy  i s  t he  d e t e r -  
m i n a t i o n  of a c t u a l  bentha l  demand, i n - s i t u  methods seem t o  be t he  
obvious cho i ce  (Math is  and Bu t t s ,  1981). Batch r e a c t o r  measurements 
may underest imate t he  long- term i n - s i t u  demand, however they  p r o v i d e  a  
means t o  separate r e s p i r a t o r y  processes from chemical o r  m i c r o b i a l  
demands and c l e a r l y  show the  e f f ec t s  o f  a r t i f i c i a l  a e r a t i o n  on l a k e  
sediment systems (Wang, 1980 and 1981). When the  sediment i s  d i s t u r b e d  
o r  resuspended i n  t he  environment, i t  appears t h a t  ba t ch  SOD s t u d i e s  a r e  
more u s e f u l  f o r  eng ineer ing  a p p l i c a t i o n s  i n  l a k e  management p r o j e c t s .  
F u r t h e r  s tudy  o f  sediment oxygen demand i s  needed t o  assess the  
impacts o f  comrr~ercial d redg ing  opera t ions  o r  wind, c o n s t r u c t i o n ,  and 
barge-induced sediment d i  sturbances. The f a t e s  and mobi 1  i ty  o f  
sediment-associated t r a c e  elements, n u t r i e n t s ,  o r  organic  compounds can 
be d r a s t i c a l l y  a f f e c t e d  by changes i n  oxygen concen t ra t i on  and redox 
p o t e n t i a l  (Lee, e t  al . ,  1976). These observa t ions  have l e d  t o  d isagree-  
ments over  the use fu lness  o f  t he  Standard E l l ~ t r i a t e  Tes t  (U.S.A.E., 
HES-1976) and t o  the  r e c o g n i t i o n  o f  t he  need f o r  r e l i a b l e  me thods ' f o r  
p r e d f c t i o n  of oxy jen l e v e l s  i n  r e c e i v i n g  waters  o r  t r anspo r ted  dredge 
s p o i l  (Schnoor, e t  al . ,  1979). 
T h i s  p ' r o j e c t  was i n i t i a t e d  t o  i n v e s t i g a t e  t he  use fu lness  of the  
SOD parameter as a  t o o l  f o r  l a k e  management. The systemat ic  s tudy of 
SOD, oxygen uptake r a t e s  and the  s p e c i f i c  sources o f  oxygen demand 
were the  main goals.  
MATERIALS AND NETHODS 
The des ign o f  the  SOD f r a c t i o n a t i o n  exper iments was t h a t  r e p o r t e d  
by Wang (1980) w i t h  m o d i f i c a t i o n s  t o  i n s u r e  sample i n t e g r i t y  as r e p o r t e d  
by Schubel, e t  a l .  (1978). B r i e f l y ,  oxygen uptake was measured as a  
f u n c t i o n  of t ime i n  four  thermostat ted (23-25°C) s t i r r e d  ba tch  r e a c t o r s  
(300 mL BOD b o t t l e s )  f i l l e d  w i t h  oxygen-saturated de ion i zed  water .  
Three r e a c t o r s  were t r e a t e d  w i t h  app rop r i a te  i n h i b i t o r s  (1% phenol,  3  mM 
z i n c  ace ta te  and 1% phenol/3 mM z i n c  ace ta te )  t o  pe rm i t  de te rm ina t i on  of 
b i o l o g i c a l ,  chemical and s u l f i d i c  oxygen demand f r a c t i o n s  r e l a t i v e  t o  a  
c o n t r o l .  A l l  runs  were made i n  the  absence o f  l i g h t .  Oxygen e l e c t r o d e  
(Ye l low Spr ings Ins t ruments )  measurements were made a t  twe lve  minu te  
i n t e r v a l s  i n  each r e a c t o r  us i ng  an automat ic  sequencing sw i tch .  A l l  
e l  e c t r o m e t r i c  oxygen determi  na t i ons  were c a l  i bra ted  and co r rec ted  by 
us ing  t he  az ide-modi f ied Wink ler  t i  t r a t i o n .  Sediment a d d i t i o n s  were made 
us ing  c u t - o f f  5 mL po l ye thy lene  sy r inges  w i t h  rubber  caps which were 
weighed before and a f t e r  each handl ing.  These sy r i nges  a l lowed t he  
c o l l e c t i o n ,  s to rage  and hand l ing  o f  h o r i z o n t a l  sub-cores f rom p r e - d r i l l e d ,  
polycarbonate, g r a v i t y - c o r e  l i n e r s .  Sub-sampling was accomplished i n  a  
N 2 - f i l l e d  g l o v e  box w i t h i n  24 hours o f  co re  c o l l e c t i o n .  
Sampling was performed d u r i n g  1980-1981 i n  two sha l low f reshwater  
l akes  i n  I 1  l i n o i s :  Lake Eureka and Lake Paradise. L. Eureka was cons t ruc ted  
40 years  ago, w h i l e  L. Paradise i s  over  70 years  o l d .  These l akes  have 
mean depths l e s s  than 4  m, w i t h  maximum depths o f  6-7 m. The l akes '  areas 
rep resen t  l e s s  than 2% o f  t he  watersheds which a r e  over  80% c u l t i v a t e d  i n  
row c rops  o r  pasture.  
Net  sedimentat ion r a t e s  i n  these lakes  range frorn 0.5 t o  1.5 cm-yr' l  
i n  the  deeper areas where c o r i n g  took p lace .  Rapid sediment accumulat ion 
r a t e s  have seve re l y  reduced s torage c a p a c i t y  i n  these r e s e r v o i r s  and 
shortened t h e i r  l i f e t i m e s  f o r  p u b l i c  water supply.  Both o f  these water  
supply  impoundments undergo pe r i ods  o f  seasorla1 anox i  a and have severe 
sediment-associated water q u a l i t y  problerns, such as t a s t e  and odor 
(IEPA, 1979 and L i n  & Evans, 1981). 
Determinat ions o f  b u l k  sediment parameters, t o t a l  t r a c e  meta ls ,  
n u t r i e n t s  and reduced species i n  sediment o r  pore  waters  were made us ing  
the  a n a l y t i c a l  methods referenced i n  Table 1. Ana l ys i s  o f  p a r a l l e l  
sub-cores f o r  a c i d  s o l u b l e  s u l f i d e  were performed by a m o d i f i c a t i o n  of 
the  H2S evo lu t i on / i odome t r i c  ti t r a t i o n  method descr ibed  by Black (1965).  
Pore waters were ob ta ined  by c e n t r i f u g a t i o n  o f  whole sediments arid 
t r a n s f e r s  were made under n i t r ogen .  A n a l y t i c a l  r e s u l t s  on sediment samples 
f rom cores have been p a i r e d  w i t h  p a r a l l e l  SOD samples on t h e  bas i s  of 
mo is tu re  con ten t  and wet dens i t y .  T h i s  p e r m i t t e d  t h e  comparison of 
observed SOD'S w i t h  those c a l c u l a t e d  f rom a n a l y t i c a l  data.  S i m i l a r l y ,  
pore water concen t ra t i ons  of t h e  reduced chemical species:  NO;, F e ( I I ) ,  
+ Mn(11), HS-/s=, NH4, CH4 and d i sso l ved  o rgan ic  carbon (DOC) were converted 
t o  a whole sediment bas i s  v i a  wet d e n s i t y  and percen t  mo i s tu re  determina-  
t i o n s  a t  each depth. The s t o i c h i o m e t r i c  oxygen requi rement  f o r  each 
species was c a l c u l a t e d ,  presuming complete o x i d a t i o n  t o :  NO;, Fe203, 
MnO,, SO:, NO; and CO,, r e s p e c t i v e l y .  The o x i d a t i o n  r e a c t i o n s  a re  shown 
be1 ow: 
Table 1 
Parameter Method o f  Analys is  Reference 
Pore H20 
Ammoni a Indophenol 01 ue Spectrometry S t r i c k l a n d  & Parsons, 1972 
Disso lved Organic Carbon Glass-Fiber F i l t r a t i o n ,  Oceanography I n t e r n a t i o n a l ,  . 
Persul  f a te  D iges t i on  Inc .  
C02 I n f r a r e d  
Ferrous I r o n  Fe r roz ine  Method Stookey, 1370 
Methane Mod i f i ed  Mu1 t i p l e  Phase McAuli f f e ,  1971 
E q u i l i b r a t i o n  Method 
Flame I o n i z a t i o n  Gas 
Chromatography 
N i t r a t e  Chromotropic Ac id  Method A.P.H.A., 1975 
N i t r i t e  Azo-Dye Formation U.S.E.P.A., 1979 
Sul f i de Phenylenediamine Method Cl i ne ,  19G9 
Trace Metals F i  1 t ra t i on -A tomic  Absorpt ion U.S.E.P.A., 1979 
(Mn, Cu, Cd, Pb, Zn) Spectrometry 
Whole Sediment 
Mois ture  Gravimetry,  60°C A.P.H.A., 1975 
Organic Carbon Wet D iges t i on  - CO, I n f r a r e d  Anderson, 1980 
V o l a t i l e  S o l i d s  Gravimetry (D i f f e rence ) .  550°C A. P.H.A.. 1975 
To ta l  Meta ls  HN03/HC104 D iges t i on  U.S.E.P.A., 1979 
(Fe, Mn, A l ,  Cu, Cd, Pb, Zn) Atomic Absorpt ion 
Spectrometry 
+ The o x i d a t i o n  of NO;, NH, CH, and DOC was presumed t o  occur by b i o l o g i c a l  
( o r  b iochemica l )  processes. The remain ing s o l u b l e  reduced spec ies were 
ca tegor ized  as chem ica l l y  oxidizable. 
The SOD due t o  a c i d  s o l u b l e  s u l f i d e s  was c a l c u l a t e d  on t he  b a s i s  
o f  t h e  f o l l o w i n g  o x i d a t i v e / d i s s o l u t i o n  reac t i on :  
4FeS + 30, + 4 F e ( I I I )  + 4s' + 6H,O 
-- assuming t h a t  f e r rous  s u l f i d e  was t he  p r i n c i p a l  m ine ra l  phase p resen t  i n  
t h i s  f r a c t i o n .  It should be noted, however, t h a t  t he  a c i d  s o l u b l e  s u l f i d e s  
i n  f reshwater sediments a re  q u i t e  complex (Plriagu, 1968) and t h a t  i n  
a d d i t i o n  t o  fe r rous  s u l f i d e s  t h e  Mn, Zn, Cd and Pb m i n e r a l s  may a l s o  be 
present .  
K i n e t i c  parameters f o r  t h e  SOD were determined on se lec ted  samples 
assuming an apparent  f i r s t  o rde r  r a t e  dependency by t h e  l i n e a r i z a t i o n  
method r e p o r t e d  by  Thomas (1950). Rate cons tan ts  f o r  s u l f i d i c  demand 
were es t imated  by i n i t i a l  s lope de te rmina t ions  f rom p l o t s  o f  oxygen 
uptake versus t ime. 
RESULTS AND DISCUSSION 
Batch SOD Resul ts  
Sediment oxygen demand, a n a l y t i c a l  and k i n e t i c  de te r r r~ i na t i ons  
were made on sediments c o l l e c t e d  from each o f  t he  l akes  throughout  
t h e  s tudy  pe r i od .  F i n a l  oxygen concent ra t ions  were always g rea te r  
than 3.0 mg-L- l  which i s  t he  minimal va lue repo r ted  to'have no e f f e c t  
on t he  magnitude o f  t he  SOD ( F i  110s and Mol l o f ,  1972; Parnatmat, e t  a l . ,  
1973). The ba tch  SOD r e s u l t s  a r e  t abu la ted  i n  Table 2a and 2b f o r  
m u l t i p l e  depths i n  each co re  i n  u n i t s  o f  mg-O,*g-l wet sediment. On any 
s i n g l e  sample, d u p l i c a t e  SOD de te rm ina t i ons  were found t o  be r e p r o d u c i b l e  
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w i t h i n  ~ 5 %  r e l a t i v e  standard dev ia t ion .  The minimum detec tab le  l e v e l  
a t  t h i s  p r e c i s i o n  was 0.05 mgog-l. - -The t o t a l  SOD value agreed w i t h  
the  sum o f  the  chemical and b i o l o g i c a l  f r a c t i o n s  w i t h i n  + l o %  i n  the  
range 0.5 t o  1.5 mgog-l. 
Al though the oxygen e lec t rodes gave q u i t e  cons i s ten t  r e s u l t s  
du r ing  the SOD runs, the f i n a l  d isso lved oxygen l e v e l s  were about 
30% lower than those determined b y k d i n k l e r t i t r a t i o n .  The average 
e r r o r  was somewhat h igher  i n  t he  long-term runs. L inear  co r rec t i ons  
were app l ied  over the du ra t i on  o f  each run. The i n h i b i t o r s  were n o t  
a  source o f  systematic e r r o r  i n  t h i s  regard. E lec t rode poisoning o r  
a  bu i ldup o f  organic substances may e x p l a i n  the  impaired response. 
Several aspects of t he  1-hour data s e t  should be recognized a t  
the  outset .  Chemical (phenol i n h i b i t e d )  SOD was the dominant f r a c t i o n  
i n  over 90% o f  the samples. B i o l o g i c a l  SOD was observed i n  sca t te red  
instances and over h a l f  o f  these were encountered i n  sub-cores from 
the upper 20 cm. No s i g n i f i c a n t  d i f f e rence  between f resh,  r e f r i g e r a t e d  
o r  f rozen samples was observed. Since the sediments were genera l l y  
reduced (h igh  F e ( I I ) ,  N H ~ ,  CHbY NO; and HS-/s=) i t  f o l l o w s  t h a t  one 
hour o f  exposure t o  o x i c  cond i t ions  would be i n s u f f i c i e n t  f o r  the 
acc l ima t ion  of populat ions o f  aerobic  microorganisms. ,This observa- 
t i o n  i s  supported by the r e s u l t s  o f  Belanger (1981) and Schnoor, e t  a l .  
(1979). An increase i n  b i o l o g i c a l  demand was observed i n  the  15-24 hour 
runs  f o r  samples which showed detec tab le  shor t - term b i o l o g i c a l  demand. 
. 
The major p o r t i o n  o f  the t o t a l  SOD consis ted o f  a  r a p i d  demand 
du r ing  the i n i t i a l  30 minutes o f  each run. Thus, 1-hour SOD? averaged 
59% o f  the corresponding f i n a l  values. It should be obvious t h a t  t h e  
r a p i d  i n i t i a l  demand was the consequence o f  chemical o x i d a t i o n  reac t ions .  
The chemical SOD was f u r t h e r  d i v i d e d  i n t o  s u l f i d i c  dernand (phenol 
i n h i b i t e d  minus pheno l /z inc  a c e t a t e  i n h i b i t e d )  and chemical-sulfide 
c o n t r i b u t i o n s .  These sub - f r ac t i ons  accounted f o r  r o u g h l y  o n e - t h i r d  
and t w o - t h i r d s  o f  t he  chemical demand, r e s p e c t i v e l y .  The chemica l -su l f ide  
demand p robab ly  represen ts  the  o x i d a t i o n  o f  o rgan ic  m a t t e r  and reduced 
i r o n  o r  manganese minera ls .  The average c o n t r i b u t i o n s  o f  these sub - f r ac t i ons  
agrees remarkably  w e l l  w i t h  those p r e v i o u s l y  r e p o r t e d  by Wang (1980) on 
r e l a t e d  samples. 
Wi th  t he  excep t i on  of co re  LP-1, t he  SOD da ta  i n  Table 2  does n o t  
show an obv ious t r end  w i t h  depth.  The SOD values frorn t h e  upper 20 cm 
o f  a l l  cores a re  n o t  s t a t i s t i c a l l y  d i f f e r e n t  frorn those i n  t he  deeper 
sect ions.  T h i s  obse rva t i on  e s s e n t i a l l y  agrees w i t h  conc lus ions  o f  Bowan 
and D e l f i n o  (1980). One m igh t  expec t  an increase i n  SOD i f  t h e  concentra- 
t i o n  o f  r e a c t i v e  reduced substances increases w i t h  depth.  T h i s  r e l a t i o n  
has been i n f e r r e d  i n  severa l  s t ud ies  r e p o r t i n g  such t rends  (Schnoor, 
e t  a l . ,  1969; Ogunrombi and Dobbins, 1970; and Reynolds, e t  a l .  , 1973). 
Whether o r  n o t  an SOD t r e n d  i s  observed w i t h  dep th  i n  a  sediment depends 
l a r g e l y  on t he  v e r t i c a l  d i s t r i b u t i o n s  o f  reduced substances. These 
d i s t r i b u t i o n s '  a r e  a  f u n c t i o n  o f  t he  water body, sediment source and t he  
environment o f  depos i t i on .  Therefore one would n o t  expec t  a  s imple 
c o r r e l a t i o n  t o  ho ld  i n  a  v a r i e t y  o f  f reshwater  environments. 
Corre la t ion  o f  SOD R e s u l t s  u i t h  Sediment Conposi t ion 
The fo rego ing  d i scuss ion  d e a l t  w i t h  t he  r e l a t i v e  h a g n i  tude  of ba tch  
SOD r e s u l t s  and the  c o n t r i b u t i o n  o f  va r i ous  f r a c t i o n s  t o  t he  t o t a l  oxygen 
demand. Comparison o f  t he  SOD da ta  w i t h  t he  chemical compos i t ion  o f  t h e  
sedil.nent and sediment pore  waters  demonstrates the  use fu lness  o f  t he  
f r a c t i o n a t i o r l  scheme. Fu r t he r ,  i t  serves t o  i d e n t i f y  t h e  a c t u a l  species 
e x e r t i n g  the  oxygen demand. The comparison was f a c i l i t a t e d  by t he  v e r y  
low b i o l o g i c a l  demand observed i n  these l ake  sediment cores.  
The b u l k  o f  t he  observed SOD was assoc ia ted  w i t h  t h e  s o l i d  p o r t i o n  
o f  t he  sediment. Table  3 c o n t a i n s  t he  c o n c e n t r a t i o n  ranges o f  reduced 
chemical  spec ies i n  t he  sediments which a re  l a b i l e  t o  e i t h e r  chemical  
o r  b i o l o g i c a l  ox i da t i on .  The d i f f i r s i o n  o f  t h e  s o l u b l e  reduced spec ies 
from t h e  sediments i n t o  o v e r l y i n g  waters  c o r ~ t r i b u t e s  t o  oxygen d e p l e t i o n  
i n  t he  hypol i rnnia of s t r a t i f i e d  lakes. Whether o r  n o t  these spec ies 
c o n t r i b u t e  t o  shor t - te rm measurements o f  sediment oxygen demand depends 
on t h e i r  s t o i ch i o rne t r i c  oxygen requi rement  and t he  r a t e s  a t  which the  
o x i d a t i o n  processes occur.  The t abu la ted  c o n c e n t r a t i o n  o f  reduced spec ies:  
p a r t i c u l a r l y ,  i r o n  (11) ,  manganese ( I I ) ,  n i t r i t e ,  s u l f i d e ,  and methane a re  
i n d i c a t i v e  of reduc ing  c o n d i t i o n s  i n  t h e  sediments. The t o t a l  c a l c u l a t e d  
s to ich io rne t r i c -oxygen  requ i rement  o f  t h e  c h e m i c a l l y  l a b i l e  spec ies was 
i n s u f f i c i e n t  t o  account f o r  more than 0.1% o f  observed oxygen demand. 
T h i s  c o n s i d e r a t i o n  was conse rva t i ve  s i n c e  i t  presumed r a p i d ,  q u a n t i  t a -  
t i v e  r e a c t i o n .  
+ The " b i o l o g i c a l l y "  l a b i l e  reduced species:  NO;, NH4, CH4 and DOC 
r e q u i r e d  more thorough cons ide ra t i on .  N i t r i t e  was p resen t  a t  l e v e l s  
t o o  low t o  m a t e r i a l l y  c o n t r i b u t e  t o  t he  observed oxygen demand. The 
t o t a l  c a l c u l a t e d  oxygen requi rements  f o r  t h e  rema in ing  species averaged 
18 and 10% o f  the  1-hour and long- term SOD'S, r e s p e c t i v e l y .  F u r t h e r ,  
t he  c a l c u l a t e d  oxygen demand o f  these s o l u b l e  spec ies exceeded t he  
average observed b i o l o g i c a l  demand i n  a l l  cases. The a c t u a l  r a t e s  of 
+ NH4, CHI, o r  DOC o x i d a t i o n  i n  the  ba tch  SOD experirr lents remain unknown. 
These r a t e s  would be expected t o  be slower than those r e p o r t e d  f o r  
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n a t u r a l  l a c u s t r i n e  environments, a t  s i m i l a r  oxygen l e v e l s ,  w i t h  s tand ing  
p o p u l a t i o n s  o f  a p p r o p r i a t e  microorganisms. Table  4  c o n t a i n s  se lec ted  
va lues  f o r  r epo r t ed  r a t e s  of n i t r i f i c a t i o n ,  methane o x i d a t i o n  and 
d i s s o l v e d  o rgan ic  carbon uptake, t oge the r  w i t h  t h e  average pore  wa te r  
concen t ra t i ons  o f  t he  reduced species,  (Table  3),  t ransformed t o  t h e i r  
e q u i v a l e n t  concen t ra t i on  i n  t h e  ba t ch  r e a c t o r .  These r a t e s  were used 
t o  c a l c u l a t e  t he  pe rcen t  u t i l i z a t i o n  o f  each presumed s u b s t r a t e  and t he  
pe rcen t  o f  t he  average t o t a l  and b i o l o g i c a l  SOD'S f o r  1-hour and 
long- term runs.  
Tab le  4  
Average 
Batch Reactor Oxidation Estimated 
Concentration Rate Percent U t i  Z i za t ion  
Substrate  pg* L - l  ,,g.~-l. hr'l I - how 24- hour Reference 
DOC* 39 10 23 100 ( c )  
T o t a l  Oxygen Demand (mgag'l) 0.01 0.08 
Percen t  o f  Average T o t a l  SOD 
(1-hour,  0.96 mgog-l; 
F i n a l  1.33 mg-g 
Percen t  o f  Average B i o l o g i c a l  SOD 2 6 6 7  
(1-hour, 0.04 mg-g'l; 
F i n a l  0.12 mg-g' l )  
( a )  B rezon ik  (1972) 
( b )  Reeburgh and Heggie (1977) 
( c )  A l l e n  (1969); *Rate corresponds t o  g lucose o r  ace ta te  u t i l i z a t i o n  
w i t h  low h e t e r o t r o p h i c  b a c t e r i a l  popu la t ions .  
These conserva t i ve  va lues f o r  oxygen uptake r a t e s  y i e l d e d  ve ry  
low est imated oxygen demands as percentages of t he  t o t a l  SOD. The e s t i -  
mates were, however, of t h e  o rde r  of magnitude of t he  average observed 
b i o l o g i c a l  demand. Therefore, b i o l o g i c a l  o x i d a t i o n  o f  reduced spec ies 
i n  t h e  po re  water may c o n t r i b u t e  a  smal l  f r a c t i o n  o f  t h e  t o t a l  SOD i n  
mixed sediment lwater  systems. The f requency of observed b i o l o g i c a l  SOD 
was t o o  low t o  a l l o w  s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  pe rcen t  v o l a t i l e  
s o l i d s  o r  pe rcen t  o rgan i c  carbon f o r  these systems. 
The major  p o r t i o n  of t h e  t o t a l  SOD res ided  w i t h  t h e  chemical  
f r a c t i o n .  S ince t he  c a l c u l a t e d  chemical oxygen demand o f  t he  po re  water  
spec ies was l e s s  than  0.1% o f  t h e  t o t a l  SOD, sediment s o l i d s  must p rov ide  
t h e  bu l k  o f  the  r a p i d  chemical demand. The chemical demand sub - f r ac t i ons :  
s u l f i d i c  and chem ica l - su l f i de  averaged 27 and 67% o f  t h e  t o t a l  SOD. 
The measured s u l  f i d i c  demand was g e n e r a l l y  lower  than  c a l c u l a t e d  va lues 
based on l e v e l s  o f  a c i d  s o l u b l e  s u l f i d e  (Table 3 ) .  The r e s u l t s  f o r  each 
sample a re  shown i n  Table 5. 
The observed s u l f i d e  demands have been expressed as percentages of 
va lues  c a l c u l a t e d  f rom measured l e v e l s  o f  a c i d  s o l u b l e  s u l f i d e .  Sediments 
f rom bo th  1  akes obv ious l y  conta ined s i g n i f i c a n t  p o r t i o n s  o f  o x i d i  t a b l e  
so l  i d  su l f i des .  On t h e  average, Lake Paradise sed i r r~er~ ts  conta ined about  
h a l f  t he  t o t a l  s u l f i d e  l e v e l s  o f  Lake Eureka sediments (Table 3) .  T h i s  
i s  p r i n c i p a l l y  due t o  t h e  f a c t  t h a t  s u l f u r  i n p u t s  t o  L. Eureka a re  g rea te r  
due t o  t he  f r equen t  use o f  copper s u l f a t e  a l g i c i d e  over  t h e  p a s t  30-40 
years.  There was some i n d i c a t i o n  from t h e  f i r s t  hour r e s u l t s  t h a t  Lake 
Paradise sediments had a  s l i g h t l y  g rea te r  prop or ti or^ o f  r e a d i l y  o x i d i z a b l e  
s u l f i d e  minera ls .  T h i s  observa t ion  may be r e l a t e d  t o  t h e  p a r t i c l e  s i z e  
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o r  t he  na tu re  of t h e  s u l f i d e  m ine ra l s  present .  The 24-hour s u l f i d e  SOD's 
showed a  weak c o r r e l a t i o n  w i t h  t h e  c a l c u l a t e d  va lhes ( r  = 0.40 a t  t he  
0.05 l e v e l ,  N = 28). However, o n l y  about  16% o f  t h e  va r i ance  i n  measured 
va lues cou ld  be exp la ined  by t h e  a n a l y t i c a l  data.  I t  i s  t h e r e f o r e  ve ry  
l i k e l y  t h a t  the  b u l k  of t he  s c a t t e r  i n  t h e  da ta  a r i s e s  frorn d i f f e r e n c e s  
i n  t he  o x i d a t i v e  r e a c t i v i t y  of va r i ous  chemical forms o f  s u l f i d e  and t h e i r  
d i s t r i b u t i o n s  w i t h i n  t he  sediment column. 
F igu re  1 c o n s i s t s  o f  a  schematic surlunary o f  the  SOD f r a c t i o r ~ a t i o r ~  
r e s u l t s .  The average percentage of t he  t o t a l  1 o r  24-hour SOD i s  noted 
n e x t  t o  each f r a c t i o n  o r  sub- f rac t ion  (pore  water o r  s o l i d ) .  The c o n t r i -  
b u t i o n  of each observed f r a c t i o n  t o  t he  whole was remarkably  cons tan t  
over  the two pe r i ods  o f  SOD runs. The b u l k  o f  the  oxygen derr~and was: 
r ap id ,  chemical, a r~d  assoc ia ted w i t h  t he  sol- ids.  Roughly, o n e - t h i r d  of 
t he  chemical SOD cou ld  be a t t r i b u t e d  t o  t he  o x i d a t i o n  o f  s u l f i d e  minera ls .  
Schubel, e t  a l .  (1978) were successfu l  i n  account ing f o r  36% o f  the  
observed oxygen demand o f  e s t u a r i n e  sediments on the  b a s i s  o f  s u l f i d e  
o x i d a t i o n .  Since 9 1  pe rcen t  o r  more o f  t he  average t o t a l  SOD was chemical, 
i t  i s  u n s u r p r i s i n g  t h a t  many i n v e s t i g a t o r s  observe some c o r r e l a t i o n  between 
observed demand and b u l k  sediment parameters, such as chemical  oxygen 
demand, v o l a t i l e  s o l i d s  o r  pe rcen t  o rgan i c  carbon ( R o l l e y  and Owens, 1967; 
Schnoor, e t  a l .  1979; Leutheuser,  1981). 
I n  t h i s  s tudy,  s t a t i s t i c a l l y  s i g n i f i c a n t  1  i n e a r  c o r r e l a t i o n s  (0 .01 
l e v e l ,  N = 54)  were found between t he  1-hour t o t a l  SOD observa t ions  and 
sedirr~ent v o l a t i l e  s o l i d s  ( r  = 0.49) and pe rcen t  o rgan i c  carbon ( r  = 0.54) 
(See Table 6 ) .  These c o r r e l a t i o n s  i ~ r~p roved  s u b s t a n t i a l l y  r e l a t i v e  t o  the  
24-hour SOD's. The chemical SOD's were a l s o  c o r r e l a t e d  w i t h  these b u l k  
sediment parameters b u t  n o t  as s t r o n g l y  as were t h e  t o t a l s .  The s u b f r a c t i o n s  
1-6.6h EE'I 
(8E = N) QOS UflOH-PZ 
I-6.6a 96.0 
(PS = N) QOS d!OH-I 
o f  t h e  chemical  SOD: c h e m i c a l - s u l f i d e  and s u l f i d e  were n o t  as  s t r o n g l y  
c o r r e l a t e d  w i t h  t h e  presumed components o f  t h e i r  demand as m i g h t  have been 
expected. For  example, t h e  chemical  - s u l f i d e  s u b f r a c t i o n ,  presumably 
composed o f  reduced i r o n  o r  manganese m i n e r a l s  and o r g a n i c  carbon, 
showed no c o r r e l a t i o n  whatsoever w i t h  a n a l y t i c a l  d a t a  f o r  t o t a l  i r o n .  
The c a l c u l a t e d  s u l f i d i c  S O D ' S  d i d  c o r r e l a t e  w e l l  w i t h  those measured 
over  t h e  24-hour pe r iods .  The d i f f i c u l t y  i n  c o r r e l a t i n g  t o t a l  oxygen 
demand measurements and b u l k  sediment parameters may be a t t r i b u t e d  t o  
i n t e r a c t i o n s  between i n d i v i d u a l  f a c t o r s  (Pamatmat, e t  a l . ,  1973) o r  
d i f f e r e n c e s  i n  t h e  r e a c t i v i t y  and chemical  n a t u r e  o f  b u l k  parameters  i n  
d i f f e r e n t  l o c a t i o n s .  
An example of t h e  l a t t e r  source of v a r i a b i l i t y  i s  t h e  e f f e c t  of t h e  
ag ing  and m i n e r a l i z a t i o n  of o r g a n i c  carbon i n  sediments. The p e r c e n t  
o r g a n i c  carbon c o n t e n t  o f  a  sediment colhmn decreases v e r y  s l i g h t l y  over  
a  p e r i o d  of y e a r s  t o  decades. Organic carbon i n  an o l d e r  l ower  s e c t i o n  
o f  a c o r e  rnay be cons ide red  l e s s  r e a c t i v e  than  t h a t  i n  more r e c e n t  
accurnu la t ions s i n c e  i t  has served as a  s u b s t r a t e  f o r  m i c r o b i a l  a c t i v i t y  
f o r  a  l o n g e r  t i r r~e .  Leutheuser (1981) noted t h a t  h i g h e r  l e v e l s  o f  o r g a n i c  
carbon do n o t  n e c e s s a r i l y  s u p p o r t  h i g h e r  s h o r t - t e r m  oxygen demands, 
s i n c e  " o l d "  carbon may r e a c t  more s l o w l y  than "young" carbon. Such an 
e f f e c t  should  be most e v i d e n t  i n  SOD measurements made on s u c c e s s i v e l y  
deeper ( o l d e r )  s e c t i o n s  o f  u n i f o r m l y  accumulated sediment co res .  
Mar ine geocherni s t s  have r o u t i n e l y  a p p l i e d  a  c o r r e c t i o n  f o r  t h e  
u n r e a c t i v e  o r  r e s i d u a l  o r g a n i c  carbon i n  s t u d i e s  o f  carbon m i n e r a l i z a t i o n  
d u r i n g  sediment d i a g e n e s i s  (Berner ,  1972; Murray,  e t  a l . ,  1978). 
The measured o r g a n i c  carbon c o n t e n t s  o f  sediment samples a r e  c o r r e c t e d  
by s u b t r a c t i n g  t h e  average v a l u e  observed i n  t h e  deepest  s e c t i o n  f rom 
each succeeding younger sec t ion .  It has t h e  e f f e c t  o f  removing t he  
r e f r a c t o r y  o r  un reac t i ve  carbon from t h e  t o t a l .  
T h i s  o rgan ic  carbon c o r r e c t i o n  was made on t he  sediments i n  t he  
p resen t  s tudy  t o  y i e l d  values of r e a c t i v e  o r  l a b i l e  o rgan ic  carbon. 
The c o r r e l a t i o n s  o f  these co r rec ted  va lues w i t h  t h e  t o t a l  SOD's and 
chemical - s u l f i d e  f r a c t i o n s  showed a moderate improvement (See Table 6 ) .  
S i m i l a r  c o r r e c t i o n s  cou ld  be app l i ed  t o  o the r  presumed c o n t r i b u t o r s  t o  
r a p i d  sediment oxygen demand when t he  minero logy  and r e a c t i v i t y  towards 
oxygen a re  b e t t e r  understood. 
T h i s  approach must be taken c a u t i o u s l y  i n  f reshwater environments.  
Even i n  l a r g e  lakes,  a combinat ion o f  p h y s i c a l  f a c t o r s ,  such as m ix i ng ,  
sediment resuspension o r  t r a n s p o r t ,  can o v e r r i d e  chemical  and b i o l o g i c a l  
c o n t r o l s  on n e t  sedimentary processes. Per iods  o f  seasonal anox ia ,  
coupled w i t h  t he  p h y s i c a l  f a c t o r s  noted above, may cause h o r i z o n t a l  
v a r i a t i o n s  i n  l ake  sediment composi t ion which exceed t he  v e r t i c a l  
g r a d i e n t s  o f  se lec ted  chemical spec ies w i t h i n  t h e  sediment column. 
Therefore,  p r o g r e s s i v e l y  lower redox p o t e n t i a l s  o r  inc reases  i n  t h e  
concen t ra t i on  o f  reduced substances w i t h  dep th  need n o t  t r a n s l a t e  i n t o  
increased SOD's. The r a t e s  of these processes a re  t he  c o n t r o l l i n g  
f ac to r s .  
Kine t i c s  o f  Sediment Oxygen Demand 
The r e s u l t s  of ba tch  resp i ro rne t r i c  SOD rr~easurernents and t h e i r  
r e l a t i o n  t o  s p e c i f i c  f r a c t i o n s  o f  sediment water systehs e s t a b l i s h e d  
t h a t  more than  ha l f  o f  the  SOD occurred i n  t he  f i r s t  hour o f  obser- 
v a t i o n .  The b u l k  o f  t h i s  observed r a p i d  demand r e s u l t e d  f rom chemical 
o x i d a t i o n  processes i n v o l v i n g  t h e  sediment s o l i d s .  I n  F igu res  2a and 2b, 
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the variations of oxygen demand as a function of time are presented for 
representative SOD runs on sediments included in th i s  study. The plots 
show clearly the rapid demand which occurs in the i n i t i a l  ten to f i f teen 
minutes. This phenomenon has been observed for simi 1 ar ly handled sedi - 
ments in short-term batch SOD studies (Schubel, e t  a l . ,  1978; Schnoor, 
e t  a l . ,  1979; Leutheuser, 1981). These observations point out the loss 
of detailed kinetic information in batch studies in which oxygen uptake 
has been measured i n i t i a l l y  and a t  one-hour intervals (Wang, 1981). 
The major fraction of the demand, chemical SOD, closely tracked the to ta l .  
This supports the assignment of the bulk of SOD to  chemical reactions 
involving dissolved oxygen. Sulfide demand rates  leveled off ear ly in 
the experimental runs; a n d ,  in the case of shallow samples, the uptake 
rates  actual 1 y decreased. 
I t  was assumed that the oxygen uptake rates  could be approximated 
by a f i r s t  order ra te  process. The integrated form of the rate  equation 
was: 
where SODt denotes the SOD a t  time t (min), k i s  the apparent rate  
constant and SODu i s  the ultimate demand (Brezonik, 1972). Apparent 
ra,te constar~ts were determined using the linearization technique developed 
by Thomas (1950), and a simple l inear regression to determine the slope 
and intercept values. Due to the number of complex, contributing 
heterogenous (surface-solution) reactions, i t  i s  most unlikely t h a t  a 
single rate  expression of integral order could adequately f i t  the data. 
Various theoretical considerations have beer1 offered to  improve the f i t  
of experimental SOD data,including two-step f i r s t  order reactions and 
surface o x i d a t i o n  p roduc t  i n h i b i t e d  r e a c t i o n s  of h i ghe r  o rder  (Wang , 1981). 
Method01 o g i c a l  d i f fe rences  and the  he te rogene i t y  o f  sediment p a r t i c l e s  make 
systemat ic  canpar ison of SOD k i n e t i c  observat ions v e r y  d i f f  i c u  1  t. Since 
t h e  g r e a t e r  p o r t i o n  of SOD due t o  sediment resuspension o r  dredge s p o i l  
d i scharge  i s  exer ted  w i t h i n  a  r e l a t i v e 1  y s h o r t  t ime-frame, f u t u r e  
mechan is t i c  work should be d i r e c t e d  towards t he  i n i t i a l  r e a c t i o n  pe r i od  
and t he  p roduc ts  of t he  o x i d a t i o n  r e a c t i o n s .  P a r t i c u l a r  a t t e n t i o n  should 
be pa id  t o  t h e  exper imenta l  c o n d i t i o n s  o f :  l i g h t ,  temperature and sediment 
load ing .  The cho ice  of k i n e t i c  models was one o f  convenience and no i n f o r -  
mat ion  on t h e  a c t u a l  mechanism may be i n f e r r e d .  
Oxygen uptake curves p r e d i c t e d  from the  apparent  f i r s t  o rder  r a t e  
equa t i on  a re  inc luded  i n  F igures  2a and 2b. W i t h i n  exper imenta l  e r r o r ,  
t he  model adequate ly  descr ibed  t h e  r a t e  dependency f o r  t h e  f i r s t  hour 
o f  r e a c t i o n .  The u l t i m a t e  o r  t o t a l  SOD values c a l c u l a t e d  by t he  l i n e a r -  
i z a t i o n  technique were about  20% h igher  than t h e  observed one-hour SOD'S. 
Practica Z App Zication of Batch SOD Resu Zts 
The agreement between t he  f i r s t  o rde r  r a t e  model and observed SOD 
r a t e s  a l l ows  t he  c o n s t r u c t i o n  of some e m p i r i c a l  g u i d e l i n e s  f o r  h y d r a u l i c  
d redg ing  opera t ions  o r  es t imates  o f  t he  impact  o f  dredge s p o i l  d i scharge  
t o  water  bodies.  Faced w i t h  t ime, m i x i n g  and f l o w  c o n s t r a i n t s ,  t h e  
engineer  i n t e r e s t e d  i n  m in im iz i ng  "oxygen sag" i n  dredge p i p e l i n e s  and/or 
r e c e i v i n g  waters  must cons ider  bo th  t h e  magnitude and r a t e  o f  t he  SOD. 
Schnoor, e t  a l .  (1979) have presented a  p romis ing  method which i n v o l v e s  
e s t i m a t i o n  of the  t o t a l  SOD from i t s  e m p i r i c a l  c o r r e l a t i o n  w i t h  a n a l y t i c a l  
da ta  on v o l a t i l e  s o l i d s .  Then a  h igh,  medium o r  low SOD r a t e  was se lec ted  
t o  p rov ide  boundary c o n d i t i o n s  f o r  t h e  p r e d i c t i o n  o f  t h e  oxygen con ten t  
o f  dredge d ischarges.  
Open-water d i sposa l  opera t ions  w i  11 r e q u i r e  a  somewhat more i n v o l v e d  
comparison o f  m i x i ng  and a v a i l a b l e  ambient d i s s o l v e d  okygen w i t h  t h e  t o t a l  
oxygen demand w i t h i n  a  known per iod .  
Cons idera t ion  o f  t he  range o f  va lues f o r  t o t a l  SOD and repo r ted  r a t e s  
of oxygen uptake p rov ides  a  measure o f  t h e  s e n s i t i v i t y  o f  one 's  p r e d i c t i o n  
t o  each i n p u t  i n  such c a l c u l a t i o n s .  F i gu re  3 d e p i c t s  t h e  r e s u l t s  
o f  a  s e r i e s  o f  c a l c u l a t i o n s  of the  maximum h y d r a u l i c  d e t e n t i o n  t ime 
which w i l l  i n su re  an o x i c  e f f l u e n t  f o r  a  10% ( v / v )  s l u r r y  o f  hydrau- 
l i c a l l y  dredged sediments w i t h  8.0 mg.02-L- l  water. These a r e  condi -  
t i o n s  f r e q u e n t l y  encountered i n  d redg ing  ope ra t i ons  conducted i n  sha l low 
lakes.  The c a l c u l a t i o n s  were performed over  t h e  range o f  r e p o r t e d  f i r s t  
o r d e r  r a t e  cons tan ts  f o r  sediments o f  va ry i ng  SOD. The r e s u l t s  show 
t h a t  a t  h i g h  SOD r a t e s  t h e  magnitude o f  t h e  SOD has a  min imal  e f f e c t  on 
t he  maximum d e t e n t i o n  t ime.  A t  t h e  lower  end o f  t h e  r a t e  range, t he  
i n p u t  va lue  f o r  t he  t o t a l  SOD has an i n c r e a s i n g l y  dominant e f f e c t  on 
these t imes. The f i g u r e  shows t h a t  i f  t h e  dredge s l u r r y  i s  handled f o r  
t h ree  t o  f o u r  minutes, t h e  bu l k  of t h e  i n i t i a l  "oxygen sag" w i l l  have 
been exer ted  f o r  h i gh  SOD sediments ( > I  mg-g'l),  r ega rd less  o f  t h e  SOD 
r a t e .  
T h i s  approach has been app l i ed  t o  a  h y d r a u l i c  d redg ing  ope ra t i on  i n  
Lake Paradise, Mattoon, I l l i n o i s .  Us ing average t o t a l  SOD values and 
t h e  e m p i r i c a l  r a t e  constants ,  i t  was p o s s i b l e  t o  p r e d i c t  t he  oxygen 
con ten t  o f  t he  dredge s l u r r y  f o r  va r ious  l eng ths  o f  p i p e l i n e .  I n  t h i s  
p a r t i c u l a r  case, the  minimum d i s tance  ( t i m e  a t  a cons tan t  pumping r a t e )  
t o  t h e  a v a i l a b l e  dewater ing area was so g r e a t  t h a t  t o t a l  oxygen d e p l e t i o n  
d u r i n g  p ipe1  i n e  t r a n s p o r t  was p red i c ted .  The des ign  o f  t h e  dewater ing 
area was t h e r e f o r e  m o d i f i e d  t o  p rov ide  adequate r e a e r a t i o n  i n  t h e  s e t t l i n g  
MAXIMUM HYDRAULIC .DETENTION TIME TO YIELD OXlC EFFLUENT, seconds 
Figure 3. Variation o f  Maximum Hydru;r~Zic Retention Time 
wi th  Total SOD and Oxygen liptake Rates 
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The ca l cu la ted  r a t e  constants i n  shal low sediments (<20 cm) were s i g n i -  
f i c a n t l y  g rea te r  than those f o r  deeper samples. Reasonable est imates o f  
t he  SOD r a t e  and magnitude i n  s i t u a t i o n s  o f  sediment d is tu rbance o r  
resuspension can be made w i t h  a  minimum number o f  observat ions. 
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